INTRODUCTION
Just prior to encountering and orbiting Jupiter, the Galileo spacecraft will release a probe which will enter the Jovian atmosphere. During the initial aerobraking phase, the 45-degree blunted-cone probe will be protected from heating by a carbon phenolic shield. Once the probe velocity has been reduced from 47.5 km/s to 0.74 km/s, and entry heating has diminished, the probe will eject its heat shield and deploy a parachute. During descent, the probe will make several in situ measurements of atmospheric properties and transmit that data to the orbiting spacecraft. However, an Atmospheric Structure Experiment, i similar to that employed in the Pioneer Venus mission, will also be on the Galileo probe to measure deceleration during the initial high-altitude entry phase. This experiment deduces atmospheric density, pressure, and temperature from deceleration measurements so long as the vehicle drag co-Abstract Submittal (Haas & Milts) efficient is known a priori. The instrument is sufficiently sensitive to detect any deceleration exceeding 10 -5 m/s 2.
Consequently, meaningful properties can be assessed for the Jovian upper atmosphere where the probe encounters highly rarefied flow during entry just prior to peak heating and ablation of the heat shield. This flow regime is bounded by the effective free molecule limit at 750 km altitude CReoo = 0.1) and the near-continuum limit at 350 km CReoo = 1,000). Note that since Jupiter has no identifiable surface, altitude is measured relative to the 1.0 barr pressure level in the Jovian atmosphere.
Accuracy of the experiment, however, depends upon the accuracy with which the probe drag coefficient is estimated. Due to the lack of sufficient experimental data, the probe aerodynamics must be estimated computationally. Unfortunately, the flow regime is ill-suited to simulations which are based upon the continuum Navier-Stokes equations due to limitations in the constitutive relations for heat flux and shear stress. Instead, highly rarefied flows, for which the ratio of molecular mean free path to a body dimension is large (Knudsen number, Kn>0.10) properties of both gas-gas and gas-surface interactions. Of additional concern in gas-gas interactions is the in- 
Gas-Gas Interaction Models
where the normalized energy rj and degeneracy gj per rotational quantum level j are defined as follows, 16
0. This model assumes that each surface facet is in radiative equilibrium with space at temperature T= = 150 K, leading to the energy balance given by (5) Here, q is the net convected heat flux to each facet accounting for both incident and reflected energy. As will be de- 
SIMULATION RESULTS
The DSMC code was used to simulated entry of the Galileo probe at several points along its trajectory from 735 km altitude to 353 kin. were based on the probe diameter (1.265 m). The grid resolution employed in the present work is defined in Table 1 by the size of the probe diameter measured in cell-lengths, and was sufficiently fine to yield less than 1% error in drag and heating. 26 The geomelry of the probe is compared to the simulation models in Fig. 3 . Note that only one quadrant of the probe was simulated, taking advantage of two planes of symmetry of the body.
In general, flows with greater Reoo require greater resolution in order to resolve flow gradients and avoid overpredicting drag and heat transfer. However, the required size of the flow domain increases with lower Reoo because molecules which reflected from the probe surface are capable of diffusing far into the flow when collisions are scarce.
The extent of the upstream diffusion of particles is depicted in the plot of flow temperature along the stagnation streamline in Fig. 4 . The upstream domain boundary for each simulation case was sufficiently far upstream that the translational temperature was near its freestream value to prevent overprediction of heat transfer and drag.26Density profiles along the stagnation streamline are plotted in Fig. 5 and also exhibit the effects of rarefaction. Note that no clear shock structure is observed since the shock is fully merged with the body layer. Density rose considerably near the body surface due to particle reflection from the relatively cold surface.
For each case, the simulation employed at least 16 particles per cell in the freestream and roughly 3 to 7 million particles total. The code was optimized for vectorprocessing on Cray supercomputers, requiring roughly 0.6/_sec/particle/timestep on the Cray C-90 or a total run time of 5,000-8,000 CPU seconds depending upon the case. To check the validity and accuracy of these assumptions, the CMA code 27,2s was used to calculate the onedimensional heat transfer into the carbon phenolic heat shield at the stagnation point. Temperature-dependent material properties, surface re-radiation, and in-depth pyrolysis were included in the calculation, but surface ablation was neglected. The initial temperature was estimated to be 150 K just prior to entry from deep space. The aerotherreal heat flux was taken from the DSMC results associated with A = 0.75 appearing in Table 2 . Perhaps the drag coefficient does not depend strongly on the surface temperature which can itself be significantly below the radiative equilibrium value during entry. However, the surface mass flux due to pyrolysis of the material is significant once the probe drops below roughly 420 km. This could lead to a noticeable increase in drag and a decrease in heating. Thorough simulation requires that this mass flux be coupled directly into the DSMC code. Such modifications are underway and the results will be reported in the final paper.
Concluding Remarks
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